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if^S^ i«S^il4efa^4%^%^^^^^^^^ Vrinted 
circuit board (PCB) production and to inks and other 
compositions to be applied to dielectric substrates in 
PCB production. The present invention particularly 
relates to ink and other compositions that are 
10 conductive by virtue of containing metal (s), and to the 

use of such conductive compositions in the manufacture 
of printed circuit boards. 

It is well established that printed circuit boards 
offer highly cost effective and space saving 
15 improvements when used in electrical devices. Prior to 

the advent of printed circuit boards, it was necessary 
to run individual wires between'each component used in 
an electrical device. The advent of printed circuit 
board technology permitted manufacturers who repeatedly 
20 utilized the same complex circuit design in a high 

volume product to (i) eliminate the individual wiring 
of each component into the system while (ii) providing 
an integral mechanical support for the circuitry. 

More particularly, a printed circuit board may 
25 have numerous electrically conductive pathways 

imprinted on a dielectric substrate, most frequently a 
glass fibre reinforced phenolic or epoxy resin 
substrate. The electrical components may then be 
attached to the printed circuit board with the 
30 conductive patterns on the board forming electrical 

connections thereon. 

Heretofore, conventional methods of forming 
electrical pathways on a printed circuit board were 
both expensive and time consuming. For example, in one 
35 process, the dielectric substrate is coated over its 

entire surface with a sheet of conducting metal, such 
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as copper or aluminum. This is generally accomplished 
by utilizing an electroplating technique. The selected 
pattern or matrix, which will represent the electrical 
pathways between the components, is then cut into a 
cloth material such as silk. The cloth material, 
having the cut-out matrix is then placed on the 
dielectric substrate which has been previously coated 
with the conducting material. An etch-resist ink is 
then rolled over the cloth, with the ink passing 
through the cut-out pattern and forming an inked matrix 
on the coated dielectric substrate. The above 
described method is a conventional silk screen 
technique. The inked and coated board is then exposed 
to light which causes the etch-resist ink to become 
acid resistant. The dielectric substrate is then 
treated with acid such that all of the metal areas of 
the board not coated with the ink are etched away 
leaving just the matrix pattern. The ink itself may 
then be removed by conventional techniques, thereby 
leaving the electrically conductive pathways formed on 
the printed circuit board. 

In another method used in the prior art, a 
catalyst is placed on an uncoated dielectric substrate 
in the desired wiring pattern. The substrate is then 
immersed in a charged solution of copper ions, such 
that the electrical pathways are formed by 
electrodeposition in the areas where the catalyst was 



The conventional methods are (i) time consuming, 
(ii) expensive, (iii) wasteful of materials and (iv) 
produce environmentally hazardous and toxic chemicals, 
primarily spent acids. Not only are numerous steps 
performed by skilled personnel necessary to produce a 
printed circuit board, but great amounts of conducting 
metal are needed for coating an entire dielectric 
substrate, or to provide an ionic solution. 
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With a view to seeking simpler and safer 
application methods for the production of conductive 
pathways on PCB's, a number of documents have been 
noted . 

Thus, U.S. Patent No. 4,696,764 discloses use on a 
dielectric substrate of an electrically conductive 
adhesive composition having two types of electrically 
conductive particles with an average particle diameter 
of at least 1 micron (1 fim) . The second type of 
particles need not be of the same material as the 
first, and have an average particle diameter of not 
more than 0.5 ixm. U.K. Patent Application GB 2054277 
discloses use on a dielectric substrate of a pressure- 
sensitive electroconductive elastic body of a matrix of 
electrically insulating material with a metal powder 
having particular densities, packing fraction, 
susceptibility to flow and bulk. 

From U.S. Patent No. 4,740,252, there is known a 
solder paste making use of conductive metallic 
particles which may be silver, nickel or copper. If 
copper is used, the particles should be coated with 
nickel so as to make the surface wettable and to 
prevent formation of a brittle intermetallic compound 
on the surface of the particles. In the same field, 
U.S. Patent No. 4,888,135 discloses an electrically 
conductive composition containing copper particles with 
a silver coating and a titanate coupling agent combined 
to the copper particles and/or the silver coating 
material. Moreover, U.S. Patent No. 4,732,702 
discloses an electroconductive resin paste comprising 
an epoxy resin formed by condensation of a bisphenol 
compound and a butadiene compound having carboxylic 
acid terminal groups and an electroconductive filler. 
The bisphenol compound may be a halogenated bisphenol A 
reacted with epichlorohydrin . 

Japanese Patent 0133799 discloses a conductive 
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paint containing a mixture of binder (such as epoxy 
resin), conductive metal powder and solder. The 

abstract of the patent discloses that, when =°PP-- - 
the conductive metal, a binder having flux.ng function, 
, such as epoxy-acrylic or phenol rasin, is used to 

remove oxide film on the copper particles. The 
inventive technique in this document operates by 
connecting the conductive metal powder tc fused so der 
powder by way of heat treatment, the conductive metal 
0 powder and solder powder having a flake shape, and 

uniformly mixing the composite of -"^-"^ 
powder thus produced and solder powder with the binder 
so as to for™ a low resistance conductor. 
Japanese Patent 0150072 discloses an 
,5 electroconductive adhesive composition containing 

copper powder, solder powder and a binder resin. 
Dependent claims further define this conductive 
adhesive material as being characterised by a weight 
ratio Of the copper powder to the solder powder 
nreferably in the range from 10 : 5 to 10 . 1 , an 
20 prereraD^y ^^nt-^n state at the curing 

solder powder being m semi -molten state 
temoerature of the thermosetting resin. 

temperacuic S7-113505 concerns, 

Japanese Patent Application JP 57 
.ore specifically, a conductive ink which may comprise 
solder-plated copper powder, solder powder an 
activating agent, and an organic resin. This 
conductive composition has a weight ratio of the 
solder-plated copper powder to the solder powder m 

range between 40:60 to 90:10. n^.r-^ble 
U.S. patent No. 4,564,563 discloses a solderable 
composition having silver fla.es in a matrix formed 
from acrylic, vinyl and epoxy monomers . 

U S Patent No. 4,678,602 discloses a highly 
conductive styrene resin composition ^^^^^^^"^ 
35 copolymerized unsaturated dicarboxylic acid anhydride 

and a metallic filler. 
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U S Patent No. 4,775,500 discloses a method of 
making an electrically conductive polymeric compo'sxte 
with carbon black as electrically conductive fxller. . 

U S patent No. 4,786,437 discloses particle 
filled compositions making use of a pacifier, such as 
an organotin compound or sulphur bearing compounds, as 
an interfacial agent between conductive particles and 

polymer matrix. 

OS Patent NO. 4,830,779 discloses an 

electrically conductive re.in composition comprising a 
resin, a metallic powder, a diphosphonic acrd 
derivative and an alcohol. 

U s Patent Ho. 4,874,548 discloses an 
electrically conductive adhesive composition comprising 
m an epoxy resin and conductive fibers. 

FiLlly, united States Patent No. 5,376,403 
concerns electrically conductive adhesive compositions, 
and methods for the preparation and use ^l^^-"*' 
which a solder powder,' a chemically P-^-'^^/J^^^^ 
.0 lining agent with fluxing properties and a reactive 

monomer or polymer are the principal components, 
depending upon the intended end use, the compositions 
comprise various combinations of a relatively high 
iri^ing metal powder; solder powder,- the -"ve cross- 
es uniting agent which also serves as a fluxing agent, 
resin; and a reactive monomer or polymer. The 
compo itions are useful as improved conductive adhesives 
such as for attaching electrical components to 
circuits; the compositions comprising metal powder w th 
30 high melting metals are ideally suited for the 
conductive paths on printed circuits. The composi ions 
for forming conductive paths may first be applied to 
substrate in the desired pattern of an electrical 
Scuit, and then heated to cure it. During heating the 
action of the cross-linl.ing agent and optional reactive 
monomer or polymer within the mixture fluxes 
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printing fine line circuits.. As virtually all circuit 
boards produced today have traces of 250 microns or 
less, these products will have a very limited utility. 
Since the surface area of metal particles increases 
exponentially as particle size is reduced, the inks 
made from fine (.lO/x) particles have substantially more 
surface area, and consequently, substantially more 
metal oxides that need to be removed to facilitate 
metallic union, or sintering of the composition. As 
metallic powders become finer (smaller particles) more 
aggressive fluxing agents are needed to remove these 
oxides. The known compositions, therefore, require the 
addition of very strong fluxing materials and 
activators to allow the use of fine particles, and fine 
line printed circuits. These aggressive fluxing 
materials, and their decomposition products remain m 
the circuit trace, and can extensively damage the 
circuit by corrosion, of the metals and degradation of 
the polymer, and be a source of ionic contamination 
which will prematurely fail the circuit and electronic 
assembly. 

These strong fluxing agents are also very reactive 
with the adhesive resins used in these inks, creating a 
stability problem for the ink composition. These 
products must thus be used very soon after they are 
mixed because the acids and acid anhydrides used for 
fluxing the metals will react with and often crosslink 
an epoxy resin within days making these compositions 
unsuitable for production and storage . 

The electrically conductive composition described 
in US Patent 5,376,403 provided a marked improvement 
over earlier technology by improving electrical 
conductivity to 10% of that of copper, an order of 
magnitude improvement over PTF, and by providing a 
solderable composition that could be printed to produce 
fine line circuitry, but this product is not without 
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major disadvantages. Thus, printed circuits produced 
with this material must be processed in an inert 
environment, preferably a vapour phase soldering 
machine wherein the heating takes place in the vapour 
of a high temperature fluorinated fluid. This 
equipment is expensive, expensive to operate, and 
scarcely used in the printed circuit industry, limiting 
the utility of the composition. Moreover, the ink 
described is based on extensive use of brominated 
aromatic materials, which at the present time are 
subject to extensive inquiry into their effects on 
human health. A proposal has been made, to ban their 
use in the European Polymers Industry. 

The salient feature of 5,376,403 which 
L5 differentiates from, and improves the compositions 

taught in Japanese Patents 0133799 and 0160072 and 
Japanese Patent Application JP57-113505 is the 
esterification of the acids and acid anhydrides with 
alcohol to produce a storage stable, chemically 
20 protected composition, capable of reversal (di- 

esterification) with application of heat. In this di- 
esterification reaction, the alcohols are regenerated 
as a substantial 50%) part of the adhesive, which 
compromises the performance of products mode from this 
25 composition as related to bind strength and 

environmental and chemical resistance. 

The processing conditions described for the 
composition of USP 5,376,403 require an involved 
thermal profile which includes curing at 215 'C and 
postcure at 150 -C. These conditions promote the 
formation of intermetallic compositions known to 
degrade the performance of electrical conductors and 
interconnects by both increasing the resistance to 
current flow, and embrittling the trace. This problem 
is exacerbated by additional thermal processing, as is 
required to produce electronic assemblies. 
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Accordingly, it is an object of the present 
invention to provide improvements in the PCB production 
technology and, in particular, conductive ink 
compositions and precursors thereof which enable 
printed circuits to be produced quickly on a low-cost 
basis appropriate for both short and long production 
runs . 

It is also ah object of the present invention to 
provide improvements in the production of printed 
circuits with the aim generally of producing fully 
additive multilayer interconnection. 

In one aspect, this invention provides a 
composition of matter comprising the following 
C3 components: 
M3 15 (a) a metal powder, 

1 (b) a solder powder which melts at a lower 

k temperature than the metal powder, 

^ (c) a polymer, or a monomer which is 

1 polymerisable to yield a polymer, a said polymer 

being crosslinkable under the action of a chemical 
cross-linking agent, 

(d) a crosslinking agent for said polymer, the 
crosslinking agent having fluxing properties and 
being nonreactive with said polymer without the 
application of heat and provision of a catalyst 
for reaction therebetween, the crosslinking agent, 
as such not reacting with said polymer under 
storage conditions, and the crosslinking agent 
being capable of solvating 
30 (e) 'metallic oxide and metallic salt catalysts 

which are formed by heating metallic components 
(a) and (b) and which promote a rapid crosslinking 
reaction between said polymer (c) and said 
crosslinking agent (d) when incorporated in said 
35 polymer, as a result of solvation by the 

crosslinking agent in the presence of heat. 
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component (a) is typically a metal powder of high 
melting point and high electrical conductivity. 
Component (b) , by being a solder powder, is a low 
melting point constituent. Component (c) is preferably 
5 an epoxy resin, in particular a B stage epoxy resin. 

. component (d) is typically a polycarboxyl compound to 
be described in detail hereinafter. Finally, component 
(e) is a metallic oxide or metallic salt formed in situ 
by oxidation of metal present and may additionally 
10 contain an azole, such as benzotriazole ,. applied to 

powder (a) in particular as a stability enhancer, but 
which is also a catalyst for the crossllnking which is 
liberated on application of heat. 

This invention provides, in a second aspect, a 
15 composition on, or for application to, a dielectric 

substrate in a predetermined pattern comprising, m 
admixture 

(i) a metallic powder component which includes (a) 
a solder powder and (b) a metal powder melting at 

2 0 a higher temperature than the solder powder; and 

(ii) a polycarboxyl compound effective as a 
fluxing agent for the metallic powder component at 
a first temperature and as a cross-linking agent 
for an epoxy resin at a higher second temperature, 

25 the polyacid being in contact with such epoxy 

resin. 

compositions embodying this invention will be 
described hereinafter in detail and in their uses in 
terms of those according to the second aspect of the 
3 0 invention! However, it should be noted that 

compositions according to the first aspect of the 
invention have, through their embodying the same 
inventive principle, like uses. 

The epoxy resin is generally an additional 
3 5 component of the composition when it is to be a 

conductive ink composition for use in the production of 
a printed circuit board. Alternatively, in producing a 
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printed circuit board, an epoxy resin may be applied to 
a dielectric substrate- by, for example, curtain coatxng 
or by patterning as a glue line and caused to interact 
with the metallic powder/polyacid combination of the 
composition subsequently applied to the dielectric 
surface. 

The composition described herein can be processed 
in readily available air environment furnaces, contains 
no environmental or health damaging materials, and 
requires no post curing ( intermetallic producing) 

processing . 

in a third aspect, this invention provides a 
method of making an electrically conductive circuit on 
a dielectric surface comprising patterning a. substrate 
with the admixture of metallic powder component and 
polycarboxyl compound as aforesaid according to the 
second aspect of the invention, with either the epoxy 
resin being pre-coated on the substrate or the epoxy 
resin being incorporated in the patterned composition, 
and heating the admixture thus patterned to a 
temperature above the melting point of the solder metal 
but below the melting point of metal powder (b) being a 
temperature at which the polycarboxyl compound is 
thermally stable but able to act as a fluxing agent to 
achieve metallic sintering and catalyzed crosslinking 
of the epoxy resin. When, as will be described 
hereinafter, the metallic powder is treated with an 
azole such as benzotriazole , such temperature will also 
be one at which the azole is liberated to take part in 
catalysis of cross-linking of the epoxy resin. 

in a fourth aspect, this invention provides an 
electrically conductive circuit which comprises a metal . 
film patterned upon a dielectric substrate and / ■ / 

adhesively adhered thereto by a cured and cross linked 
epoxy resin, the metal film resulting from the • 
patterning on the substrate of a composition comprising 
in admixture, (i) a metallic powder component which 
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includes U) a solder powder and (b) a metal powder 
Tlting at a higher temperature than the solder powder 
I^d (i!) a polyoarboxyl compound effective as a flux.ng 
agent (or the metallic powder component and a cross- 
l!"ing agent for an epoxy resin, an epoxy resin hav.ng 
ITn ZJ^a or patterned onto the dielectric substrate 
prior to patterning of said film. Upon heatxng to a 
ts,^erature sufficient to melt the solder powder the 
polycarboxyl compound will flux the — ^^/^ ^"""^^J^^^ ^ 
LsLbing catalysts formed by oxidation of ^''^ -"^^ = 
powder compound on heating thereof, /"^ 
with the pre-catalysed epoxy resin at the substrate / 
Ttamsation interface, incorporating and crosslin..ng 
said epoxy resin to provide a strongly adhered 
patterned metallisation upon the substrata surface^ 
preferably the epoxy resin is either one wh.ch .s as a 
B stage resin or is a resin which can be B staged after 

application. . , 

When practising the invention in accordance w.th 
its second, third and fourth aspects, reliance is 
placed on the co-use of the three components, 

Iponents <i, and (ii. identified above and an epoxy . 
,,,in in this context, hereinafter, the term .nk 
will be used to denote printable compositions 
comprising components (i) and (ii) as aforesaid and 
which usually, but not always, will contain epoxy 
resin. A sophisticated relationship has been found to 
exist between these components in that the polycarboxyl 
compound (ii) serves as a fluxing agent for the 

■ _•- m enabling it to dissolve 

metallic powder component (i) enabling 

the metal oxides formed in sufficient amount so that 
at elevated temperatures, these metal oxides serve to 
catalyse a reaction between the epoxy resin and the 
polycarboxyl compound (ii) than acting as curing agent. 
Although a simple carboxyl compound could serve as a 
fluxing agent, a polycarboxyl compound is necessary in 
the conductive inlc composition in order to achieve 
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linking at two or more bonds of the epoxy resm. 
^tlrt in^ wit^ the Simplest component, the epoxy 
■„ -rprelerably one which Is liquid at amb.ent 

rZl Z seLes as an adhesive. The preferred 
:::rre:rn Neither a di.lycidvl ether of bisphenol . 
=. rlialvcidyl ether of bisphenol F. 

The polycarboxyl compound serves as a fluxing 
f VZ metallic powders, dissolving metal oxide 
agent for the ^^^^^^^ ^ ^3^,,^,, t>etween the 

„hich is in ..e polycarboxyl 

r^uir:: :tredTe:rratL such p^ycarboxyl 

compound may be a -^--^^-^^ J^^^ty a:id, such as a 
polycarboxylic .^'L organic trimer 

dimerised or trimerxsed fatty acia 
fatty acid having a functionality greater than 

^^^^^^ 

carboxyl- containing polymers also provi 

reaction sites. fluxing 
The polycarboxyl compound serving as a f^--^^^. 
agent for'thl metallic powder component remove .etal 

oxide from the metallic powder -^^^f^^^J^^^^r 
of the metal oxide permits the metal particles to 
irsce and provide a -in.o.s c-.cto^^^ 

i~yy^ -removed metal oxiae xs» 
Furthermore, ^^^^^^^^ presence of applied 

sufficient quantity that, in ^he P 

,. = halvses a reaction between the epoxy 

compounds/epo:. composition - ^ 

^l^rr^arerrdttrons as these compositions 

rrssentially non-react..e at ambie« temperatures. 

This composition is capable of extena 

Leater than six months at ambient temperatures. 

^ The carboxyl groups on the polycarboxyl compound 
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»=,r^t-ive at ambient temperatures. The 

II ^^^^ reactive and c.oss lin.. 
,o.pcs.t.on -11-1^ .,,,,,^3^. catalysts 

r/tLL r a t.e ™etal o.iaes ana .etal salts. 

Mlvsts are forced by heating the metal 
These J^.^^ „ p,„auce oxides, the oxides 

: actin: w th the'poly=a.boxyl compound to 
possibly react ^ ^^^^^^^^^ made 

produce salts, ao ^.i.^se o£ chelating agent 

available with the thermal release 

,an imidazole, which may have ;^%^J 
deactivate the copper metal, ^^e ca y 
„e typically, lead oxide, stannous oxide, g 
and copper salts, and '=--°""f/;^^,,„bly thermally 
r\^:i^r;rLrr::td1ure: greaLr than .OO 

rrvILrsU .ess than 0.01 

200°C preferably such compound is a car y 
^ • T.=,^t-icular a styrene acrylic 

^r^•n1-ainina polymer, m particular 
containing py- ^^^^^.^^ composition 

acid copolymer. The ^^^^ 
preferably contains from 5 to 'JJ" 
Lsin and polycarboxyl compound and from 95 

•„hr of the metallic powder component. More 
SaUy one part by weight o. the m^ixture o 

P-Vcarboxyl Va^sTyri o^^rtal powder 

with approximately 9 part= by w a 

component ^ component is 

'"t'the solder metal preferably includes a first 
"d a ec nd Ltal, with the first metal having ■ 

rfffinity for the -j:-rtreTec::r rtrbei. 
rc::iirrror':Li'c::.ng of and the^ ^ 

^ r«^t-3ic5 beinq melted togeunej. 
first and second metals being ^ 

■1 4=-T,. -ir. which is embedded particies 
metal film ^^^^^^^^ ^^^^^d molten metals 

powder (b) while the first and ^^^^ ^.^gh 

form a matrix regions .^^^///^.^^'^ .^.^ in the 

melting point constituent, which matrix 
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-. ^ ^v,« T-«=lativelv low melting point 
second metal of the relatively especially 

constituent. In such a case - P^^*^^^^'/";^ .^^ 

ambient cemperacure. 

The preferred iretal powder component will be a 
mixture o£ three metals. One metal is a high meltrng 
:"nt constituent o£ high electrical -"^-"--^ 

Toir 
-r^tr^iii^^^^^ 

molybdenum, tungsten and/or ^ ^ 9 

of two or more of these metals . Such metal is 

The solder metal provides the other "o metals, 
one of these metals is typically tin, lead, bismuth, 
one of tn indium, tellurium, mercury, 

cadmium, zinc, gallium, 1 
thallium, antimony, selenium and/or 
more such metals. The preferred such metal is ti 
although, when a third metal is ^^^^^'^^^ 
n ^ wh^n a third metal is present, this is 

erabl lead and then the two "-.Is con-ituting 

- solder -ro:"L":"^i. rpa::i;ie 

^^""f tLrsold r^: tfl is preferably also in the 

of from 5 to 25 Mm. being nominally 10 .m powder, 
range of from ^ ^ ■ ^v,^r-i-o scecified may 

Additional components not hitherto _ specif y 
in the conductive ink compositions of this 
rnrtl n' Thus^ Improved performance is achieved when 
The copper powder which is prefera.1v use ^as^me .1 
powder (b) is cleaned and coated witn 
Lhancer, otherwise known as surface P-^^^^^^^^^^^^ 
which is an organic chelation agent, preferably 

lie such as -^rrs' frtLTa:^^^^^^ 
^r^Z^:^^ --.rboxyl compound 



)G0 



30 



35 



-16- 



and serve to bring about high density cross -linking 
without the need for any post -curing. 

Other azole compounds which may be used to chelate 
metal, in particular copper, and are then released into 
5 the polymer matrix at the activation temperature, to 

serve as a catalyst are imidazoles which to crosslink 
the epoxy/polycarboxyl compound composition rapidly, 
providing a "snap cure" of the adhesive system present 
in a continual process. No post cure or further 
10 treatment is necessary. 

In considering the use of the conductive ink 
composition embodying this invention, the following 
diverse chemical principals should be borne in mind: 



15 (i) 



the solder metal is preferably a tin/lead 
alloy which is oxidizable and has a lower 
melting temperature than the preferred higher 
melting point metal, copper; 

20 (ii) tin, as preferred solder metal, has, in its 

molten state, a particularly good affinity 
for copper; 

(iii) tin and lead form, when melted together, a 
25 metal film; 

(iv) the polycarboxyl compound, preferably styrene 
acrylic acid copolymer, will flux both copper 
and tin/ lead alloy; 



(V) lead oxide and the decomposition products 

from benzotriazole are catalysts for the 
reaction between the epoxy resin adhesive and 
the polycarboxyl compound; and 

(vi) finally, and this is important in considering 

the stability of the conductive ink, copper 
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powder catalyses the reaction between the 
Zo^ resin and the polycarboxyl compound. 
Thifneeds to be eliminated or at least 
slowed down at ambient temperature . 

« „ir,i-B<i circuit boards, the 
in the production o£ P"""//;^^^^^, substrate, 
conductive in. is patterned on -a dielect ^ 
„,,oh is normally pre-patterned w th the P^=cy 

When the epoxy -"^^^^^J^f ; , .y a screen 

patterning be.n. ^^l^^^^^^J^^^ applied, is 

printing process. The ^ phase , 

then heated in an even, P^'^"^ " ^^mperature that 
oven that transfers heat f "^^^^./.^ ,he 
IS U) above the lower meltxng "J^f f^^^ ^.^^er 

^ T (2) less than the reiacxvcxy 

solder metal but U) respective 

^^mr,^. mature of metal powder (to) , tne 
meltxng , ^in/lead and copper. Unless 

.etals -^--;-f/;^^,L3e two metal components will be 
otherwise indicated, these ^^d high 

p.esentea -//fs a ortslld. With these 

::rrrs!nrari:eTo::rn:s, m particular, heatin. may 

o-i cOr- for five minutes. 

- hUL ::T.;xrarrb:thTr::iy 

riten tin to "^^^ ^ ^ ^ Lfsurcro. The Cu 
chelate compound ^^^^^ surfaces. The 

powder providing clean -^^^f f = ^.^e.n the 
,i„/leed matrix becomes, - ^^^"^ ^ „..al 

" re:euI;g"o . -i epoxy resin and the 
film coalesces, ^'^^^^^"^ ^^^^^,^3 „£ the film, 
polycarboxyl compound -"^^^/"^.^^ ^....oes of the 

.poxy «f .etal oxide, salts and 
metal film is catalyzed oy surface o£ 

possibly benzotriazole now P--" ,,„ss- 

. 1 ™=hT-ix and becomes rapidly curea d 
the metal matrix ^^d carboxyl groups 

linked. in the meanwhile, all ot 
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will have reacted with the epoxide groups so as to 
esterify the carboxyl groups. A highly-electrically- 
conductive metal film strongly adhering to the 
dielectric substrate by a non-corrosive cured epoxy 
composition is then produced. 

Thus, two conflicting objectives are satisfied, 
namely (1) a strong fluxing action which requires both 
a highly active reducing agent and a highly flowable 
low viscosity matrix, and (2) a reaction involving the 
polymer resin which is effective both to neutralise and 
immobilize the system while achieving adhesion to the 
substrate. Both of these are met. 

The achievement of these objectives is met 
specifically by the conductive ink composition showing 
synergism when used in the manufacture of printed 
circuits. Thus (1) the polycarboxyl compound of the 
conductive ink serves as a very effective chemical and 
mechanical flux for (2) the metallic content of the 
conductive film, permitting coalescesing of the high 
melting point metal component powdered particles withm 
a metal film as a continuous conducting body having 
excellent electrical and mechanical properties. During 
curing of the epoxy resin, an oxide is present on the 
surface of the metallic film and serves to catalyse 
25 curing and cross-linking of this re sin -adhesive 

material and neutralizing of its acidity. Thus, one 
component promotes a change in the other component and 
vice versa. The net result of this synergism between 
resin-adhesive and the metallic components of the 
conductive ink composition is to produce a high quality 
metal film that may be strongly adhered to a dielectric 
substrate by a non-corrosive cured epoxy adhesive. 

There is no wastage of materials in the production 
of printed circuits insofar as the conductive ink is 
concerned. Moreover, there is no emission of 
environmentally-harmful liquids or gases. The 
conductive ink itself is safe, non- toxic and stable on 
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storage. The mechanical and electrical properties of 
the electrical circuit traces produced with the 
conductive ink match in quality those of normal 
(copper) printed circuit traces, typically exhibiting 
resistivity of less than 25 milliohms per square (at a 
thickness of 25/xm) , more preferably less than 10 
milliohms per square (at a thickness of 25Mtn) . Only 
small quantities of the conductive ink are required. 
In itself, the conductive ink is economical both for 

manufacture and use. 

In accordance with the aforementioned fourth 
aspect of the invention, the stability and shelf life, 
or pot life, of conductive inks embodying this 
invention is greatly extended, typically by more than 
one order of magnitude, by taking certain steps in 
their preparation. 

Firstly, when metal powder (b) of the conductive 
ink is a copper powder, it is chelated with a very thm 
coating of a copper deactivator such as benzotriazole 
applied to the individual particles of the powder. 
This coating retards oxide or salt formation. The same 
chelation also serves desirably to prevent the 
catalytic effect of the metal powder (b) , especially 
copper, from compromising the storage life of the 
composition. Upon release from the copper at 
activation temperature, the benzotriazole acts as a 
powerful catalyst for the curing reaction. 

Secondly, an anti-oxidant copper deactivator, 
preferably oxalyl bis benzylidene hydrazine, is added 
to the resin to enhance storage stability by preventing 
copper salts from reacting with the resin. The 
preferred oxalyl bis benzylidene hydrazine exhibits an 
inhibitory effect in a copper- containing epoxy resm 
rea^cted with a carboxylic resin by exhibiting a greater 
affinity for the unavoidably occurring copper salts 
than does the resin. Shelf life of copper -containing 
resin conductive ink, in particular, is typically 
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increased by the aforementioned more than one order of 
magnitude when the inhibitor is present in the resin^ in 
a preferred concentration in the range of 0.25% to 5^, 
more preferably 1%, by weight. 

For a better understanding of the, invention and to 
show how the same may be carried into effect, reference 
will now be made to the accompanying drawings to be 
referred to in. the following description and the 
working examples, in particular. In the drawings: 

Figure 1 is a diagrammatic representation of a 
cross-section through an epoxy resin- containing 
conductive ink embodying this invention when 
applied to a substrate but prior to heating 
thereof to cause flow of the relatively low 
melting metal constituent; 

Figure 2 is a like view to that of Figure 1 but 
showing the condition of the ink after flow has 

occurred; 

Figure 3 shows in greater detail a typical portion 
of the applied ink after such flow has taken 
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polycarboxyl compound alone, as the case may be, and 
the optional exothermic compound, if used, is mixed 
with the constituents of the metallic powder component. 
The solder metal thereof is susceptible to 
and is oreferably an alloy of tin arid lead rn wh.ch .t 
Is the lead which is particularly subject to ox.dat.on. 
Tin in such an alloy has an affinity for the higher 
melting metal constituent. The oxide 

^-F t-ViP «ar»oxv resm adhesive, 
f^atalvst for the curing of the epoxy 
.0 :re ILtively low melting constituent of the metallic 

. is to form a metal film on melting, 

powder component is to toiiu 

Hereinafter, again, the invention will be 
described primarily with respect to the use of copper 
as high melting metal and a tin/lead alloy, in 
35 ,3 particular Sn 63, as relatively low melting constituent 

i and the inclusion of epoxy resin in the ink. ^ As 

i already noted, the preferred tin/lead alloy is 

B :referLly of a particle si.e of .5 .m or less and is 

S preferably of a particle size less than 10 Mm. The 

" ,0 particles of this and other low melting constituents 

H are oreferably first cleaned using, for example, a 

B t^hll^e to be described in the examples which follow. 

«; such cleaning is preferably to be applied to the high 

I ::,ting metal constituent. The P-Vcarboxyl compound - 

,S containing epoxy adhesive component, i.e. "^^^y 

polycarboxyl compound and epoxy compound, (and any 
optional exothermic compound, of the conductive ink 

^ . weiQht thereof 
preferably constitutes from 5 - 25, by weign 

and the metallic powder component preferably 
30 constitutes from 95% - 75% by weight thereof. The 

polycarboxyl compound - containing epoxy adhesive 
component is particularly preferably ^^^^ 
amount of 10% by weight of the conductive mk and the 
.etal powder component is then preferably present m an 
35 amount of approximately 90% by weight. • 

insofar as the metallic powder constituent is 
concerned, preferably the metal powder (b) (normally 
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individual p .^.^tivity ^ ^ chelating 

.lectrical conduct such ^^^^ting 
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e^rittle.ent of polyethylene hooK-up wire when i. 

. ^ ^«r^^3r't with copper metal, ^nis 
cc^es into ""^^^ ^;^^„ „oss-lin:.ing 

e„*rittle.ent ^.^p,, However, 

and degrading of the p y^ i„ conO^ination 

- previous use of a copp ^^^^^^^^^ 

Thrprrf -rL^lyl ^s .en^y^idene hydrazine 

effeoti e . .s e..^^^^^^^^^ 
affinity for the copper .^^^.^^ ^^y, is then 

^-^^^z-z::^:^^^ ..g^^ude 

TeHL^^inhihitor i. ^^^^ I 
preferred concentration xn the rang 

.ore preferably 1% by --5^^- ^^^^^.^ ,3ing the 

a printed circuit board may be pro 

..duttfve in. Of the 

^^"n'^rar/ued rnHS hive the appearance 

rwHn rss-fection - .igure 1 

the conductive in. compo..t.on P-"--^ 

...n heated to a Thrrtailic powder 

— Of - ..rves as a fluxing 

::::::: ;he^::..--^ rrr^rsrerpUr 

.... ;rrdi rrol the surface Of 

rtrcreHf -a. P^^-^ pe^itting the ^^^^^^^ 

relatively lower melting poxnt metal to 

rexax-ivcxj , . -it- has a consideranie 

of the first metal to wh.cb rt has copper. 

affinity when the respective --^f^J , 

.he in. Will now be as ^^^^ ^^^^L detfil with 
ahows the -dit.on o the n. J^^^^^^ 

reference to the use or 

metal powders. described generally 

The present invention has been 



p3 



^♦5 




-24- 



• -rh ^esDect to the additive provision of 

either in the xnk or adhesive for the 

.ubstrate and serv.n. to act as ^^^^ ^^^^^^^^^ 

patterned of multilayer printed 

also be applied to the p i3 
wiring board, in which ^ ^^^^^'^ .j,, i^.ention 

produced in accordance „i h - ■ 
and laminated together wrt „^tal traces 

layers — ^ =°"te rl i " melting when further 

produced must b - i ^^^^^^^^ 

heating takes place to a „„iti-laver structures, 

— ^nirrp^o:::: rtLrorecriL between the 

5 there is a need to pro ^ ^^.^ ^^^^^^ 

circuits of individual ^-V"- ^^^^^i, ^.ilUng. 

are typically formed in a ^^-^^^^ J ^£ter 
punching, laser ^-^"^^"^ ^/^f ^^lectric side of 
an adhesive has been ^^^'■^^^'^f^ between 

- the Circuit ;/,rL an overall structure or 

circuits at ^-"^^^ connection between applied 

serve merely to provide ^^^^ 

components and a P;-^--— ^ ^conductive 
,,ere to be ^JjHf^^'"^^^, l,,esion of such material 
,5 material in ^ Z via filling compositions are 

" "t ol a Pasly nature and enter the vias by 
frequently of a composition to the printed 

application of a via-fiUmg J- 

Circuit b,ard and -f -^ /scions embodying this 
ensure entry into the via 

invention which " J^f;f„^,,,cn eminently owing 

aforesaid requirements of via ..^^^gh the 

to the quality of adhesion ^;-^^^'i;^;Z between 

^ ^^ = 1 ovide produced on reacT^iun 
presence of and the meta 
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presence of .etal --^J/^-^'^^,,., ..a the .etal 
the polycarboxyl compound fluxxng g 

powder, which 
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particulars of th. channel patterning technicp^e are to 
found in WO-9S/2267C^ ^ ^ 

The compositions of this inveni- 
number of areas of electronics and PCB/wiring board 

ecology to be described hereinafter. .Spec, .c 
.ircuit features to be indicated here.naftrwrnbe^ 

forced of a composition ^-^^^^J^i;; ,ave bean 

the epoxy resin incorporated therein an 

TMd !I-situ to a temperature sufficient to melt the 

heated in-situ co ^„„_tituent but below the 

relatively low melting point constituent 

relative Y ^^elting point constituent, 

felpera ure at which the polycarboxyl compound 
rsTheLryTaL, to achieve metallic sintering and 
»ubstantial crosslinking of the epoxy resm. 
^"^ Por example, the compositions of this invention 
„ay be used in this way as an altematrve to soldered 
„iLs for the repair and/or modification of 

example the compositions may be employed n the 
formation of thermal transfer pillars .n the 
construction of semi-conductor packages, -^^-^^^ 

The compositions may also be used to 
modules, etc. The comp „i„ted potentiometer 

the wip!r o£ the potentiometer assembly by bexng 

s-xtremely resistant to wear. 

pLIicularly insofar as the compositions of the 
Particui ^ conductive adhesive, they may 

invention may provide a conducti 

^■^r, ^c, a replacement for solder in trie 
then function as a repici „^„^^-;ve "lands" 

■ • • ^ of electronic components to- conductive xanas 
'^^Tstrate The compositions may also be utilised 
operafe simultaneously as conductive tracers and as 
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